Abstract. A lipid-rich carcinoma of the mammary gland was diagnosed in a female Djungarian hamster (Phodopus sungorus), which was kept as an indoor pet. The animal underwent surgery for a primary tumor arising in the mammary gland at the age of 16 months, and also for a recurrent tumor 6 months later. Histologically, the primary neoplasm was composed of 2 different cell populations: nonvacuolated glandular neoplastic cells with moderate atypia, and vacuolated neoplastic cells with marked atypia. Transition from the nonvacuolated glandular cells to the vacuolated cells was frequently seen. The recurrent neoplasm was composed predominantly of vacuolated neoplastic cells that often invaded the surrounding soft tissue. The cytoplasmic vacuoles contained neutral lipids, as confirmed by oil red O and Nile blue staining. The vacuolated neoplastic cells were immunopositive for cytokeratin and negative for vimentin, a-smooth muscle actin, p63, estrogen receptor a, and androgen receptor. Presumably, this high-grade, lipid-rich mammary carcinoma had developed from a low-grade mammary adenocarcinoma.
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In human medicine, lipid-rich carcinoma is a rare variant of invasive breast carcinoma in which tumor cells contain abundant cytoplasmic neutral lipids. 4, 16 The morphological features of this neoplasm were first described in a human patient in 1963. 1 However, because of the great rarity of this neoplasm, many aspects of its pathology remain to be elucidated. In the veterinary literature, lipid-rich mammary carcinoma has been recognized as a rare neoplasm in 12 female dogs 5, [11] [12] [13] and 1 female cat. 6 The Djungarian hamster (Phodopus sungorus), also known as the Dzhungarian hamster, Siberian dwarf hamster, or Russian dwarf hamster, is a popular, indoor small pet in Japan. This species is also used as a laboratory animal, although it is used less often than the Syrian hamster (Mesocricetus auratus). In Djungarian hamsters, mammary tumor is one of the most common spontaneous neoplasms, 3, 7, 8, 14, 18 and androgen-dependent atypical fibromas are likewise known to arise in the skin with aging. 2 A female Djungarian hamster, which weighed 52 g at the age of 16 months and was kept as an indoor pet, developed a subcutaneous mass at the site of the fourth mammary gland on the left side. At 9 months of age, this hamster had undergone surgery to excise a neoplasm in the first left mammary gland. This neoplasm had been diagnosed as an adenocarcinoma. The present mass in the fourth left mammary gland (the primary tumor) was surgically excised. It measured 2.0 cm 3 1.5 cm 3 1.5 cm and weighed 1.7 g. When the animal was 22 months old and weighed 53 g, the neoplasm in the fourth left mammary gland recurred and was surgically excised again. This mass measured 2.2 cm 3 2.0 cm 3 1.9 cm and weighed 3.9 g. Further follow-up clinical data on the hamster could not be obtained.
On gross examination, both the primary and the recurrent neoplasms were brown-white to gray-white and were partly cystic on the cut surface. After fixation in 10% neutral buffered formalin, the tissues were processed routinely, embedded in paraffin, serially sectioned at 4-mm thickness, and stained with hematoxylin and eosin, alcian blue (AB) at pH 2.5, periodic acid-Schiff (PAS) with or without diastase digestion, and mucicarmine. Formalin-fixed tissues of the primary and recurrent neoplasms also were frozen, sectioned at 6-mm thickness, and stained with oil red O and Nile blue. Replicate paraffin tissue sections were immunostained using a labeled streptavidin-biotin method. Aspects of the primary antibodies (source and dilution), tissue section pretreatment, and positive control tissues used for immunohistochemical analyses are presented in Table 1 .
Histological examination of the primary and recurrent tumors revealed that both neoplasms were unencapsulated and composed of 2 distinct cell populations. The first population consisted of nonvacuolated, cuboidal to columnar, neoplastic epithelial cells with a moderate amount of eosinophilic cytoplasm. These cells were arranged in tubulopapillary and cystic growth patterns. These neoplastic cells exhibited moderate nuclear atypia and low mitotic activity. The second population was composed of vacuolated neoplastic polyhedral cells arranged in solid sheets and nests or vacuolated cuboidal cells forming tubular and cystic structures. Cellular nuclei had an atypical appearance, including anisokaryosis, nuclear irregularity, and prominent nucleoli. Individual nuclei were often compressed and displaced to the periphery of the foamy or vacuolated cytoplasm. Mitotic figures were rare. Half of the primary neoplasm consisted of variably sized lobules of nonvacuolated neoplastic cells separated by thin to thick fibrous septa (Fig. 1) . The other half of the tumor consisted predominantly of vacuolated neoplastic cells that often invaded the surrounding fibrous tissue. At the boundary between these 2 areas, a transition from nonvacuolated to vacuolated tumor cells was observed (Fig. 2) . In contrast, the recurrent tumor was composed predominantly of vacuolated neoplastic cells admixed with a few nonvacuolated neoplastic cells. Compactly arranged neoplastic cells were divided into solid nests by thin fibrous septa, but occasional tubular structures also were observed (Figs. 3, 4) . The vacuolated neoplastic cells often invaded the surrounding soft tissue. In the recurrent tumor, the cytoplasmic vacuoles within the neoplastic cells were often larger than those in the primary tumor. In tumor cell nests, cells at the periphery had a few small vacuoles, whereas cells in the central area contained larger vacuoles and often had a tendency to degenerate. In some areas, tubular and cystic structures were lined by foamy cuboidal epithelial cells with apical cytoplasmic blebs, suggesting apocrine secretion. The lumens contained a few desquamated epithelial cells, macrophages, and neutrophils. The stroma contained abundant foamy macrophages, a few multinucleated giant cells, and cholesterin crystal deposits.
The foamy or vacuolated cytoplasm of the neoplastic cells stained positively with oil red O (Fig. 5) , whereas AB and mucicarmine stainings were negative. The cytoplasm also stained red with Nile blue dye, indicating the presence of neutral lipids. The cytoplasmic vacuoles of the neoplastic cells were unreactive with PAS staining; however, the cytoplasm of nonvacuolated glandular neoplastic cells sometimes contained a few PAS-positive, diastase-resistant granules. Both nonvacuolated and vacuolated neoplastic cells were positive for cytokeratin (Fig. 6 ) and negative for vimentin, a-smooth muscle actin, p63, estrogen receptor a (ERa), and androgen receptor.
According to the World Health Organization criteria, lipid-rich breast carcinoma in humans is defined as a breast carcinoma in which approximately 90% of the neoplastic cells contain abundant cytoplasmic neutral lipids. 4 Half of the primary tumor in the current case consisted of nonvacuolated neoplastic cells. This portion of the neoplasm had a similar histologic appearance to tubulopapillary carcinoma of a low grade of malignancy that has been described previously in Djungarian hamsters. 8 However, the other half of the primary and recurrent neoplasms consisted predominantly of vacuolated tumor cells that fulfilled the diagnostic criteria for lipid-rich carcinoma. Therefore, the primary and recurrent neoplasms were diagnosed as ''lipid-rich carcinoma arising in a tubulopapillary carcinoma'' and ''lipid-rich carcinoma,'' respectively. Although mucin-producing carcinomas, glycogenrich clear cell carcinomas, and secretory carcinomas may contain cytoplasmic vacuoles in the neoplastic cells, they tend to stain with AB, PAS, and/or mucicarmine. 4 In addition to lipid-rich carcinomas, sebaceous carcinomas of the mammary gland contain cells that are positive for oil red O and negative for AB, PAS, and mucicarmine. However, sebaceous carcinoma differs from lipid-rich carcinoma in that there is a second cell population of smaller, oval to spindle, reserve cells. These reserve cells contain a small amount of eosinophilic cytoplasm and lack vacuoles. 4 Human lipid-rich carcinoma has a more aggressive clinical course and worse prognosis than other types of breast cancer. 15, 17 In dogs, lipid-rich carcinoma has clinical features of inflammatory mammary carcinoma 12 and is associated with recurrence and metastases. 5 In the present case, the invasiveness and atypia of the neoplastic cells were greater than those of mammary tubulopapillary carcinomas in the Djungarian hamster, 8 and the neoplasm recurred. Regarding the aggressiveness of lipid-rich cancer cells, it is hypothesized that the incorporation of excess free fatty acids onto the neoplastic cell membrane induces membrane phase separation, reduces cell-cell contact, increases surface adhesion, and promotes tissue invasion. 9 Human lipid-rich carcinomas are considered to be poorly differentiated neoplasms that do not display a glandular or papillary growth pattern. 17 Although the vacuolated cells of the present neoplasm were sometimes arranged in a tubular or cystic growth pattern, lipid-rich carcinomas in the dog and cat are also composed of tubular or tubuloacinar structures formed by lipid-rich neoplastic cells. 6, 13 A recent study showed that apocrine secretion by the neoplastic luminal epithelial cells was observed in all 12 reported cases of mammary neoplasms (adenomas and/or carcinomas) in Djungarian hamsters. 8 The recurrent tumor in the present case had multifocal tubular or cystic structures lined by foamy, neutral, lipid-rich neoplastic cells suggesting apocrine secretion. These areas were similar to those of a peculiar type of human lipid-rich carcinoma described previously. 19 Generally, the absence of ERa in human and canine mammary carcinomas is related to an unfavorable prognosis. 4, 11 No ERa expression was detected in any of 49 human patients with lipid-rich carcinoma. 17 In addition, all 10 lipid-rich carcinomas reported in dogs also lacked ERa expression, 5, 12 as did the neoplasm in the Djungarian hamster of the current study. Androgen receptor expression in mammary tumors of Djungarian hamsters is associated with apocrine differentiation of the neoplastic cells, 8 although this was not observed in the present neoplasm. As indicated by the results of immunohistochemistry for asmooth muscle actin and p63, myoepithelial cells were not detected among the vacuolated tumor cells of the primary and recurrent lipid-rich carcinomas in the current study.
A case report of a presumed lipid-rich carcinoma in the breast of a human male patient also has been published. 10 Mammary tumors also may occur in both male and female Djungarian hamsters, 7, 8 although the present lipid-rich carcinoma occurred in a female. All reported lipid-rich carcinomas in the dog and cat also have been described solely in females. 5, 6, 12, 13 Little is known about the histogenesis of lipid-rich carcinoma. Most human lipid-rich carcinomas are characterized histologically as grade 3 invasive carcinomas, which may be associated with in situ lobular or ductal carcinoma. 1, 4, 15 In the primary mammary neoplasm in this hamster, the boundary between the nonvacuolated glandular and vacuolated neoplastic cells exhibited a transition favoring the formation of vacuolated cells. This indicates that the lipid-rich carcinoma in this hamster may have arisen from a preexisting mammary adenocarcinoma of low grade of malignancy.
